TheJ' loop of the spatial vectorcardiogram has been studied, using the Frank system of lead placement, in 25 patients with accidental hypothermia. There was a highly significant correlation (P<0o0025) 
TheJ' loop of the spatial vectorcardiogram has been studied, using the Frank system of lead placement, in 25 patients with accidental hypothermia. There was a highly significant correlation (P<0o0025) between the duration of the loop (range 40-i60 msec) and the severity of the hypothermia, but its rate of inscription may (a) be uniform throughout, (b) slow progressively throughout, or (c) slow only towards its end. The variation in the form of the deflections in scalar electrocardiographic leads during hypothermia is determined by the spatial interrelation of the axes of these leads and theJ loop of the spatial vectorcardiogram. An appreciation of this relation emphasizes the true nature and significance of the less well-known forms of the scalarj deflections in hypothermia. Thesefindings may be determined by changes induced by hypothermia in the permeability of the myocardial cell membranes and ionicfluxes across them. Despite severe hypothermia, one patient had no scalarJ deflection and noJ loop was present in the corresponding spatial vectorcardiogram.
In I938, Tomaszewski first published the scalar electrocardiogram of a patient with accidental hypothermia which showed the extra deflection that was later to be termed the 'J deflection' (EmslieSmith, I958a; Emslie-Smith, Sladden, and Stirling, 1959) . It forms a conspicuous and rather puzzling feature of the scalar electrocardiogram of hypothermia either induced (Emslie-Smith, I956; Fleming and Muir, I957; I959) or accidental (Emslie-Smith, I957, I958a; Rees, 1958) . It has also been recorded experimentally from various species of hypothermic mammals (Grosse-Brockhoff and Schoedel, I943).
The J loop of the spatial vectorcardiogram is the vectorial homologue of the scalar J deflection. Apart from experimental three-plane electronically synthesized spatial vectorcardiograms recorded from a single dog during cooling (Emslie-Smith, I958b), the only studies of the spatial J loop were made on indirectly constructed vectorcardiograms from patients with induced hypothermia (Emslie-Smith, I958b; Gillmann, I958) and no previous study has been made of the directly recorded, electronically synthesized spatial vectorcardiogram in patients with accidental hypothermia (Fig. Ia and b) .
Since accidental hypothermia was first described as a common condition in British homes in winter (Emslie-Smith, 1958a) Methods and clinical data Twenty-five of the patients with accidental hypothermia admitted to the Dundee teaching hospitals over a period of 5 years were studied. The relevant details of the cases are shown in the Table. In each case the vectorcardiogram in the frontal, right sagittal, and horizontal planes was recorded directly by means of either a Sanborn vectorcardiograph with storage oscilloscope and polaroid camera facilities, or a photographically recording Cambridge vectorcardiograph (No. C.538II) (Cameron, Lawrie, and Wright, 1959 ) using a modification of the Frank (1956) method of electrode placement (Maclean, Lowe, and EmslieSmith, 1970) . In the first patient (Case I - Table) the vectorcardiogram was also recorded during rewarming, and in the most severely hypothermic patient (Case 20, Table: 22 80C) the vectorcardiogram was again recorded 3 months after he had completely recovered. From these planar projections the medical artist then reconstructed the spatial vectorcardiograms as threedimensional drawings. The speed of inscription of each part of the spatial vectorcardiogram was estimated from inspection of the blanking pulse which interrupted the planar loops every 5 msec. The correlation between the duration of the spatial J loop and the severity of the hypothermia is highly significant (P < 0-0025).
Several factors made it difficult to obtain vectorcardiograms of good quality: a few of our patients had skeletal muscle tremor, intermittent and uncontrolled limb movements, Cheyne-Stokes respiration, and atrial fibrillation, all of which caused artefacts or interference with the terminal vectors of some of the tracings. In addition, a variety of disturbances of cardiac rhythm, including atrial fibrillation, ventricular ectopic beats, and atrioventricular dissociation, created difficulty in obtaining successive planar recordings. Moreover, simultaneous recording of the 3 planar projections of the vectorcardiogram was not possible with our apparatus. Minor discrepancies between the three planar vectorcardiograms could not therefore always be eliminated; whenever possible, however, the planar vectorcardiograms were recorded during any periods of apnoea which were also free from tremor and limb movements. Time-marked and non-time-marked dirouli planar vectorcardiograms at maximum magnification on a timebased background were made when the Cambridge vectorcardiogram was used (Fig. 2) and the magnified records of the J loops themselves were made whenever possible with both the Cambridge and the Sanborn apparatus. In some cases, large numbers of planar vectorcardiograms had to be recorded before a good quality trace was obtained for each of the 3 planes at both low and high magnification. Some unavoidable minor discrepancies had to be taken into account by the medical artist when making the three-dimensional reconstructions, which are therefore partly diagrammatic. Table) , all the vectorcardiograms recorded from hypothermic patients showed recognizable displacements of the J point ('ST vectors') , and characteristic open J loops as have been described for indirectly derived spatial vectorcardiograms (Emslie-Smith, I958b).
The present study, however, demonstrated clearly that though the speed of inscription of the vector loop did slow abruptly at the junction of the QRS and J loops, as the earlier study, based on indirect derivation, had suggested (Emslie-Smith, I958b), the rate of inscription of the J loop itself did not always slow progressively throughout its course. In 2I of the patients the technical quality of the records was good enough to allow a clear assessment of the rate of inscription of the J loop. In only 4 cases did the rate of inscription of the J loop slow progressively throughout its course (Fig. i) ; in another 6 cases progressive slowing only occurred towards the end to the J loop (Fig. 3a) , whereas in the remaining iiI cases the J loops were inscribed throughout at a uniform rate which was slightly faster than that of the subsequent T wave (Fig. 3b and Table) . In general, the voltage of the J vectors decreased progressively until the start of the T loop was reached. The duration of the J loop ranged from 40 to i6o msec in this series, there being a highly significant correlation (P < o-0025) between this and the severity of the hypothermia. In the first patient (Table) , for example, the duration of the J loop fell by 20 msec after rewarming by 2-8°C. The previous finding that hypothermia greatly increased the QRS-T spatial angle (Emslie-Smith, I958b) was well confirmed by the findings in Case 20 (Table and Fig. 4) .
The vectorcardiogram of one patient (Case iI, Table) did not show any recognizable displacement of the J point (Fig. 5) , despite a very low body temperature (25 6°C). The hypothermia in this case was a complication of severe glutethimide ('doriden') poisoning and had a fatal outcome. The patient had also previously sustained an anteroseptal cardiac infarction which was confirmed at necropsy. The significance of these observations is not clear.
The main spatial QRS loop, though often larger than its euthermic counterpart (Fig. 4) , is essentially normal in patients with accidental hypothermia who have not previously sustained myocardial damage. Below 3I°90C, consistent changes appeared in the terminal crochet of the spatial QRS loop, in the junction (J) of the QRS and T loops, and in the T loop. The last part of the centripetal limb of the QRS loop is suddenly deflected and then abruptly slowed, so that the QRS loop does not return to its point of origin (J shift) but continues to form an extra, conspicuous open loop, which may be inscribed either clockwise or anticlockwise in both the frontal and horizontal planes, and is directed usually downward, forward, and to the left, between the QRS and T loops ( Fig. i and 4) . The rate of inscription of the J loop may be uniformly slow throughout or it may slow progressively either throughout its course or only in its last part (Table  and Fig. i and 3a and b) . The J loop in turn continues into a more or less U-shaped T loop which lies in a direction different from that seen at normal temperature, and usually outside the main QRS loops, even to the extent of the main axes of the two loops, being almost i8o0 apart ( Fig. i and 4 ).
Discussion
In scalar electrocardiograms from hypothermic man and animals a J deflection is almost always seen at body temperatures of 310GC or lower (EmslieSmith, 1956) , and in the spatial vectorcardiogram it is represented by the J loop (Emslie-Smith, I958b). The J deflection in scalar leads is often an obvious and discrete part of the QRS-T complex, directed either upward (Fig. 6, leads V3 to V6, and Fig. 7, A and B) or downward (Fig. 6 , leads VR and III, and Fig. 7, A and B) . Frequently, however, it takes the form of relatively inconspicuous widenings of the base of the QRS complex with or without 'ledging' (Fig. 6 , leads I and VL, and Fig. 7A ). These scalar effects are often unrecognized, and, indeed, in some leads the QRS-T complex may even appear normal (Fig. 6 , lead Vi). The reason for these variable scalar configurations can only be appreciated by an understanding of the spatial relations between the spatial J loop of the vectorcardiogram and the positions of the scalar electrodes. This is demonstrated in Fig. 6 . These scalar J waves have also been recorded from oesophageal and direct epicardial leads in experimental animals (Emslie-Smith, I956, I957; Read et al., I96I) (Fig. 7B) . (25 60C). The patient, a few years previously, had sustained an anteroseptal cardiac infarction and his hypothermia was due to severe self-poisoning with glutethimide ('doriden'). The spatial QRS loops, the direction of inscription of which is indicated by the arrows, confirm the scalar electrocardiographic and planar vectorcardiogram findings of no recognizable J shift, despite the very low body temperature. The main QRS loop returns to its point of origin (0) before the T loop is inscribed. The spatial T loop itself has an abnormal axis, which could be attributed both to the previous cardiac infarction and to the hypothermia.
There has been much speculation about the genesis of these unique J loops and J deflections, but it is a fact that hypothermia causes a characteristic dip in the early repolarization phase of the transmembrane action potential in cells from human atrium (Sleator and de Gubareff, I964) , cat papillary muscle (Trautwein and Dudel, I954) , and dog ventricle (West, Frederickson, and Amory, I959; Toyoshima et al., I965) (Fig. 7C) . West et al. (I959) have suggested that in the ventricular myocardium of the dog, this phase of the membrane action potential may be largely determined by transmembrane potassium ion flux; Trautwein (I969) has suggested that in Purkinje fibres it is determined by transmembrane chloride ion flux. We have already demonstrated in our patients with accidental hypothermia, including many in the present series, very high levels of activity in the serum of muscle enzymes, particularly of adenosine-triphosphate-creatine phosphotransferase (creatine kinase, E.C. I.7.3.2.) and a-hydroxybutyrate dehydrogenase (Maclean, Griffiths, and EmslieSmith, I968; Maclean, Murison, and Griffiths, I974) . The myocardium is a rich source of these enzymes so that in part, at least, these high serum levels may reflect alterations in the permeability of the myocardial cell membranes, thus providing support for the idea that the spatial J loop and scalar J deflection are the result of an altered ion flux across the myocardial sarcolemma in hypothermia.
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